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(54) Optical fiber resistant to hydrogen-induced attenuation 

(57) Improved single-mode optical waveguide fibers 
comprising a central core (10) region, surrounded by an 
inner cladding region (22) through which light at a cho- 
sen signal wavelength will propagate to an appreciable 
degree along with propagation of same in the central 
core region (10), the inner core region further sur- 
rounded by an outer cladding region (17). the improve- 
ment comprising germanium dioxide in the inner 
cladding region (22) at a concentration within the range 
of about .005 percent by weight to about 1 percent by 
weight of said inner cladding region (22), effective to 
significantly reduce the concentration of oxygen atoms 
in the inner cladding region (22) which are available to 
form defects that cause hydrogen-induced attenuation. 
Also provided are core preforms, overclad preforms, 
and processes for making the fibers, core preforms and 
overclad preforms. 
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the light-canrying regions of the ultimate optical f ber accordingly becomes critical. We have found that in preforms hav- 
ing a diameter in excess of 105 millimeters (mm), the chlorine-induced migration of core<leposited germanium dioxide 
can be insufficient. 

5 SUMMARY OF INVENTION 

The conventional art has consistently taught against adding germanium dioxide other than to the core glass of an 
optical fber preform. In multimode fiber, light travels solely in the core. It does so because the index of refraction of the 
core glass is designed to be higher than that of the cladding. Adding germanium dioxide to the cladding would inevitably 
io raise the refractive index of the cladding, potentially destroying the light-carrying potential of the optical fiber. Single- 
mode optical f ber operates somewhat differently. By single-mode optical we mean an optical fiber as conventionally so 
designated, i.e.. an optical fiber which propagates only the two mutually orthogonal modes of the HE1 1 mode of light, 
at a chosen signal wavelength. Again it is critical that the refractive index of the core be higher than that of the cladding. 
However, in this case the light travels in both the core and the cladding. The conventional teachings still point to avoiding 
is the presence of germanium dioxide in the cladding, because that will tend to increase the refractive index of the clad- 
ding and ultimately destroy the light-carrying potential of the optical f ber. 

However, we have now found that germanium dioxide can be added to the portion of the cladding of a single-mode 
optical ftoer that is intended to carry light in small concentrations, which will act to scavenge otherwise labile excess 
oxygen in the glass to control the attenuation-increasing impact of later-migrating hydrogen on the optical fiber, while 
20 raising the refractive index of the glass to a degree insufficient to result in significant adverse impact on the single-mode 
light-carrying potential of the fiber. 

More particularly, this invention provides a single-mode optical fiber comprising a central core, an inner cladding 
surrounding the core, and an outer cladding surrounding the inner cladding. The core is doped conventionally to raise 
its refractive index. The inner cladding and outer cladding may be made from essentially the same material, except that 
25 the inner cladding is doped with a small concentration of germanium dioxide. In preferred embodiments, the core 
dopant also comprises germanium dioxide. The concentration of germanium dioxide in the inner cladding broadly 
ranges from about .005 percent by weight to about 1 percent by weight; preferably about 0. 1 to about 0.5 percent; and 
most preferably but 0. 1 to about 0.3 percent The invention also provides processes for making core and overclad pre- 
forms useful in making such optical fibers, and such core and overclad preforms. 

30 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of an optical fiber made accordance with the invention. 

Fig. 2 is a graph showing the percentage concentration of germanium dioxide in the annular inner cladding of the 
35 optical f ber of Fig. 1 . 

Figs. 3 and 4 illustrate the application of the core and inner cladding regions of glass soot to a mandrel; 
Fig. 5 is a cross-sectional view of a dense glass blank that is formed on the mandrel of Figs. 3, 4. 

DETAILED DESCRIPTION 

40 

In accordance with a known technique for forming single-mode optical fibers, a core cane comprising a fiber core 
region and an inner cladding region is initially formed. The core cane is overclad with additional cladding material to 
form a preform that is drawn into an optical ftoer. As shown in Fig. 1 , the optical ftoer has a central core 1 0 that is defined 
by an outer surface 11. Inner cladding region 22, which forms an annulus around core 10, has an inner surface 13 

45 formed on the outer surface 1 1 of core 10. Inner cladding region 22 also has an outer surface 15. Outer cladding region 
17 surrounds region 22. In one commercial embodiment of a single-mode fiber of the above-described type, the diam- 
eter of the core 10 is approximately 8.8 microns, the radial thickness of the inner cladding region 22 is approximately 
6.1 microns and the radial thickness of the outer cladding region 17 is approximately 52 microns. 

The material of the inner cladding region 22 is normally pure silica. It is also known to add dopants to inner cladding 

so region 22 that lower the index of refraction of the inner cladding region 22. By reducing the index of refraction of the 
inner cladding region 22. the difference between the indexes of refraction of the core 10 and the inner cladding region 
22 are substantially increased. So. following conventional teachings, it is normally undesirable to raise the index of 
refraction of the inner cladding region 22. 

Nevertheless, adding relatively small amounts of germanium dioxide to the inner cladding region 22 significantly 

55 reduces the later incidence of hydrogen-induced attenuation. The results of one experiment are shown in Fig. 2 (OD = 
Outer Diameter). There are shown the relative prepared amounts of germanium dioxide in the inner cladding annulus 
for a preform (including outer cladding) having an unconsolidated diameter of 90 millimeters without germanium dioxide 
doping in the inner cladding region, and a similar preform having an unconsolidated diameter of 125 millimeters with 
and without germanium dioxide doping in the inner cladding region. As expected, some of the germanium dioxide from 
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the core diffused into the inner cladding region 22 in a region next to the interface 1 1 -13 of the core 10 and the inner 
cladding region 22. However, the germanium dioxide concentration in the 90 mm blank and in the 125 mm blank 
decreased almost to zero at a distance of about 30% of the radius of the inner cladding region annulus 22 from the inner 
surface 13^ The 125 mm blank with germanium dioxide doping in the inner cladding region maintained a level of oerma- 
nium dioxide concentration at approximately 0.5% by weight in an annular region extending to the outer surface 15 of 
the inner cladding region. The portion of the inner cladding region near the core had higher concentrations of germa- 
nium dioxide, due to m.gration of germanium in tetrachloride form from the core to the inner cladding region durinq dry- 
ing and consolidation. a cyiuMuunngary 

The comparative results of Fig. 2 are shown in Table 1. 



Table 1 



Process Description 


Mean Hydrogen Induced 
Attenuation -[dB/km max @ 
1530 nm] (STD Deviation of 
Test Results) 


Number of Core Pre- 
forms Tested 


Number of Optical Fibers 
Tested 










90 mm OD - No GE0 2 deliber- 
ately doped In Inner Clad 


0.005 (0.003) 
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125 mm OD - No GE0 2 delib- 
erately doped In Inner Clad 


0.573 (0.081) 
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125 mm OD + Ge doping - In 
Inner Clad 


0.030 (0.036) 
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Further experiments have shown that the concentration of germanium dioxide in the inner cladding region of an 

09 °t ^ Pr f Sh0uld 56 at least about 005 percent bv wej 9 ht : ^ tnat concentrations above about I percent by 
weight will lead to inordinate increases in the refractive index of the inner cladding region. Preferably, the germanium 

?f nC ^°o n the inner dadding region ranges ,rom 300111 01 to 30004 0 5 Percent: and most preferably 
about 0. 1 to about 0.3 percent. We define the boundary of the inner cladding region as being the outer limit of the portion 
of the ultimate optical fiber through which an appreciable portion of light directed through the end of the fiber is trans- 
mitted (thereby making reduction of hydrogen-induced attenuation of significance there). 

These relatively small concentrations of germanium dioxide used in the inner cladding region do not have an undue 
effect upon the transmission of light within the core and inner cladding region. 

We now describe preferred embodiments of processes for making core and fiber preforms as well as optical fibers 
It is to be noted that the drawings are illustrative and symbolic of the invention, and there is no intention to indicate scale 
or relative proporbons of the elements shown therein. Further, it is to be noted that the present invention expressly con- 
templates single-mode waveguides since the problem of hydrogen-induced attenuation does not occur in multimedia 
waveguides. The present invention also contemplates optical waveguides having cores with either a constant gradient 
or otherwise varied index of refraction. 

Optical waveguide soot preforms may be conventionally prepared e.g., in accordance with the methods illustrated 
.nFigs. 3 and 4 A coating 10 of glass soot is supplied to cylindrical mandrel 12 by means of flame hydrolysis burner 
1 , -5 3S OXy9e " a ' r are su PP ,ied to ^ner 14 from a source (not shown). This mixture is burned together 
with liquid precursors to the glass soot, such as silicon tetrachloride or a polyalkylsiloxane (e.g.. octamethyl-cyclotet- 
rasiloxane) to produce flame 1 6 which is emitted from the burner. A gas-vapor mixture of fuel gas. oxygen and soot pre- 
cursors is oxidized with flame 16 to form a glass soot that leaves the flame in a stream 18. which is directed toward 
mandrel 12. The first soot of coating (many layers) deposited on mandrel 12forms the core 10 of the optical fiber The 
flame hydrolysis method of forming soot coatings on cylindrical mandrels is described in greater detail in U S Patent 
Nos. Re 28.029 and 3.823.995. Mandrel 12 is supported by means of handle 20 and may be rotated and translated as 
indicated by arrows adjacent thereto in Fig. 3 for uniform deposition of soot. 

• i=- A E i e< ^ nd Coa6ng 01 8001 (many layers) ls Wlied over the outside peripheral surface of first coating 10 as shown 
in Pig. 4. The second coating will form the inner cladding region 22. In accordance with well-known practice the refrac- 
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tive index of inner cladding region 22 is made tower than that of coating 10 (core region) by changing the composition 
of the soot 24 being produced in flame 16. This can be accomplished by changing the concentration or type of dopant 
material being introduced into the flame, or by omitting a dopant material Mandrel 12 may again be rotated and trans- 
lated to provide a uniform deposition of inner cladding region 22, the composite structure including first coating 10 (core 

5 region) and second cladding 22 constituting an optical waveguide soot core preform 41 . 

According to the invention, the process for application of the second coating of soot ultimately forming the inner 
cladding region 22, is modified from conventional teachings by the introduction of suitable concentrations of a germa- 
nium precursor (such as germanium tetrachloride) to yield the prescribed concentrations of germanium dioxide in the 
inner cladding region of the preform and the ultimate optical fiber. In preferred embodiments, the concentration of the 

io germanium precursor in the soot precursor composition ranges from about .003 to about .6 mole percent, more prefer- 
ably about .03 to about .3 mole percent and most preferably, about .06 to about .2 mole percent. In another preferred 
embodiment, the composition of the inner cladding soot precursor composition is maintained constant during the dep- 
osition of the inner cladding region glass soot. We note here that although the above description has been provided to 
illustrate the process aside from the germanium addition to the inner cladding region is entirely conventional. Hence, 

is modifications to the conventional process steps as known to those of ordinary skill in the art can be employed. For 
example, any of the various lay down processes can be used, including but not limited to outside vapor deposition, 
inside vapor deposition, vapor axial deposition, modified chemical vapor deposition, or plasma outside inside deposi- 
tion. 

In the manufacture of optical fibers, the materials of the core and cladding (inner and outer) regions of the optical 
20 fiber should be produced from a glass having minimum light attenuation characteristics, and although any optical quality 
glass may be used, fused silica is a particularly suitable glass. For structural and other practical considerations, it is 
desirable for the core and cladding glasses to have similar physical characteristics. Since the core glass must have 
higher index of refraction than the dadding for proper operation, the core glass may desirably be formed of the same 
type of glass used for the cladding and doped with a small amount of some other material to slightly increase the refrac- 
ts tive index thereof. For example, if pure fused silica is used as the cladding glass, the core glass can consist of fused 
silica doped with a materia! to increase its refractive index. Precursors to silica can include, by way of examples: silicon 
tetrachloride, polyalkylsiloxanes such as hexamethylcyclotrisiloxane, and polyalkyicydosiloxanes such as octamethyl- 
cydotetrasiloxane. hexamethylcyclotrisiloxane and decamethylcydopentasiloxane. 

Many suitable materials have been used as dopants alone or in combination with each other to increase the ref rac- 
30 tive index of fused silica. These include, but are not limited to. titanium oxide, tantalum oxide, aluminum oxide, lantha- 
num oxide, phosphorus oxide and germanium dioxide. A core of germanium dioxide-doped fused silica is 
advantageously provided with a cladding layer of fused silica. Precursors to germanium dioxide can include germanium 
tetrachloride. 

Removing the mandrel 12 results in a hollow, cylindrical porous soot core preform 41, such as that illustrated in Fig. 

35 5. Preform 41 comprises first and second porous soot glass layers 10 and 22, respectively, the refractive index of layer 
1 0 being greater than that of layer 22. It is also possible although less preferred, to draw core cane after depositing and 
consolidating core layer 10 only. 

The core preform 41 is then consolidated, deposited with an overdadding to form the outer cladding region and 
consolidated again. The consolidation and overdadding steps are well known in the art but are briefly described for the 

AO sake of continuity. The preform 41 is a porous structure with a texture that resembles chalk. It is consolidated by heating 
it in a furnace in a controlled manner generally in the presence of chlorine and optionally helium to remove the pores. 
The chlorine is used to dry the preform; this may be performed prior to the consolidation step (preferred) or simultane- 
ously. The consolidated core preform is then drawn to remove the center hole and produce core cane, and cut into suit- 
able lengths for overdadding. Next the overdadding is applied by depositing soot on a suitable length of core cane. The 

45 overdadded preform is then consolidated to remove pores in the overdadding. Finally, the consdidated overcladded 
preform is then drawn into an optical waveguide fiber. 

Conventional optical waveguide fiber technology which, will be readily employed by those of ordinary skill in the art 
in practidng the invention, all of which is hereby incorporated herein by reference, includes by way of non-limiting exam- 
ples the following. 

so As to raw materials useful as soot precursors, see: Dobbins US Patent No. 5,043,002; and Blackwell US Patent No. 
5.152,819. 

As to processes for the vaporization or nebulization of soot precursors, see: Antos US Patent No. 5,078.092; Cain 
US Patent No. 5.356,451; Blankenship US Patent No. 4,230,744; ©Blankenship US Patent No. 4.314.837; and Blank- 
enship US Patent No. 4.173.305. 
£5 As to burning soot precursors and laydown of core and dadding. see: Abbott US Patent No. 5, 1 16.400; Abbott US 
Patent No. 5.211,732; Berkey US Patent No. 4.486.212; Powers US Patent No. 4,568,370; Powers US Patent No. 
4.639.079; Berkey US Patent No. 4,684.384; Powers US Patent No. 4.714,488; Powers US Patent No. 4.726,827; 
Schultz US Patent No. 4.230,472; and Sarkar US Patent No. 4.233,045. 

As to the steps of core preform consolidation, core cane drawing, and overdad preform consolidation, see: Lane 
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V?^ ~° 4 ' 906 ' 267; Une US Patent No - 4.906.268; Lane US Patent No. 4.950.319; Blankenship US Patent No 
4,251.251; Schultz US Patent No. 4,263.031; Bailey US Patent No. 4.286,978; Powers US Patent No 4 125 388* Pow- 
ers US Patent No. 4,165.223; and Abbott US Patent No. 5.396.323. row 
As to fiber drawing from a consolidated overclad preform, see: Harvey US Patent No. 5.284 499* Kbenina US Pat 
ent No. 5.314,517; Amos US Patent No. 5,366.527; Brown US Patent No. 4,500.043. Darcangeio US Patent No 
4,514.205; Kar US Patent No. 4.531.959; Lane US Patent No. 4,741.748; Deneka US Patent No 4 792 347- Ohls US 
Patent No. 4,246,299; Claypoole US Patent No. 4,264,649; and Brundage US Patent 5,410 567 ' ' ' 
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In a single-mode optical waveguide fiber comprising a central core region, surrounded by an inner cladding region 
through which light at a chosen signal wavelength will propagate to an appreciable degree along with propagation 
of same in the central core region, said inner cladding region having a lower index of refraction than said central 
core region, the inner core region further surrounded by an outer cladding region, the improvement comprising ger- 
manium dioxide in the inner cladding region at a concentration within the range of about .005 percent by weight to 
about I percent by weight of said inner cladding region, effective to significantly reduce the concentration of oxygen 
atoms in the inner cladding region which are available to form defects that cause hydrogen-induced attenuation. 

2. The single-mode optical waveguide f toer of claim 1 comprising germanium dioxide in the inner cladding region at a 
20 concentration within the range of about .1 percent by weight to about .5 percent by weight of said inner cladding 

region, or within the range of about .1 percent by weight to about .3 percent by weight of said inner cladding region 

3. The single-mode optical waveguide fiber of claim 1 in which the central core region, inner cladding region and outer 
cladding region all comprise fused silica, and/or the central core region is doped with germanium dioxide. 

The single-mode optical waveguide fiber of claim 1 in which upon being maintained at 23 degrees Centigrade in an 
atmosphere of 1% hydrogen by volume for 10 days, the absolute change, over the course of this 10 days in atten- 
uation of signal light at 1530 nanometers, is less than about 0.5 decibels per kilometer of said fiber or which the 
absolute change in said attenuation is less than about 0.005 decibels per kilometer of said fiber. 

5. In a process for fabricating a core preform having utility in making single-mode optical waveguide fibers comprising 
burning a core soot precursor composition and depositing central core region glass soot on a substrate and then 
burning an inner cladding soot precursor composition and depositing inner cladding region glass soot' over said 
central core region glass soot to yield said core preform, the improvement comprising including in said inner clad- 
ding soot precursor composition, a precursor to germanium dioxide at a concentration selected from the quantita- 
tive group of (a) within the range of about .003 to .6 mole percent effective to yield inner cladding region glass soot 
comprising between about .005 percent by weight to about 1 percent by weight of germanium dioxide; (b) within the 
range of about .03 to .3 mole percent, effective to yield inner cladding region glass soot comprising between about 
. I percent by weight to about .5 percent by weight of germanium dioxide; (c) within the range of about .06 to .2 mole 
percent, effective to yield inner cladding region glass soot comprising between about .1 percent by weight to about 
.3 percent by weight of germanium dioxide. 

6. The process of claim 5, in which the composition of the inner cladding soot precursor composition is maintained 
constant during the deposition of inner cladcfing region glass soot. 

7. A process according to claim 5, in which said inner cladding and/or core soot precursor composition essentially 
comprises a precursor to silicon dioxide and a precursor to germanium dioxide. 

8. A process according to claim 7, in which the precursor to silicon dioxide is selected from the group consisting of 
srficon tetrachloride, hexamethylcyclotrisiloxane. hexamethytcyclotrisiloxane. octamethylcyclotetrasiloxane and 
decamethylcyclopentasiloxane. and/or the precursor to germanium dioxide is germanium tetrachloride 
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In a process for fabricating an overclad preform having utility in making single-mode optical waveguide fibers com- 
prising (a) burning a core soot precursor composition and depositing central core region glass soot on a substrate 
then (b) burning an inner cladding soot precursor composition and depositing inner cladding region glass soot over 
said central core region glass soot to yield a core preform, then (c) drying the core preform in the presence of chlo- 
rine and consolidating it at high temperature, then (d) heating said core preform and drawing core cane therefrom 
then (e) burning an outer cladding soot precursor composition and depositing outer cladding region glass soot over 
a length of said core cane to yield said overclad preform, the improvement comprising including in said inner clad- 
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ding soot precursor composition, a precursor to germanium dioxide at a concentration within the range of about 
.003 to .6 mole percent effective to yield inner cladding region glass soot comprising between about .005 percent 
by weight to about 1 percent by weight of germanium dioxide. 

5 10. In a process for fabricating a single-mode optical waveguide fiber, comprising (a) burning a core soot precursor 
composition and depositing central core region glass soot on a substrate, then (b) burning an inner cladding soot 
precursor composition and depositing inner cladding region glass soot over said central care region glass soot to 
yield a core preform, then (c) drying the core preform in the presence of choline and consolidating it at high tem- 
perature, then (d) heating said core preform and drawing core cane therefrom, then (e) burning an outer cladding 

io soot precursor composition and depositing outer cladding region glass soot over a length of said core cane to yield 
said overclad preform, then (f) consolidating the overclad preform in the presence of chlorine, then (g) heating said 
overclad preform and drawing waveguide fiber therefrom, the improvement comprising including in said inner clad- 
ding soot precursor composition, a precursor to germanium dioxide at a concentration within the range of about 
.003 to .6 mole percent, effective to yield inner cladding region glass soot comprising between about .005 percent 

rs by weight to about 1 percent by weight of germanium dioxide. 
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